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morphological diversity. However, it remains unclear how Hox
proteins differentially instruct cohort of cells about their fate.
The study of limb development has proved invaluable in our
understanding of some of the general principles underlying the
function and regulation of this gene family. Gain- and loss-of-
function studies have shown that genes belonging to both HoxA
and HoxD clusters are required for proper patterning of the limb
skeleton. However, early lethality combined with compensatory
and redundant mechanisms have made a complete assessment
of their role difficult. To circumvent these drawbacks, we
generated conditional mutant mice that are deficient for all
HoxA and HoxD functions in their forelimbs. We showed that
these mutant limbs are severely truncated and fetal limb buds
appear delayed in their development, as if patterning was
arrested at an early stage. We found that this phenotype is, in
part, due to impaired Sonic hedgehog (Shh) signaling. To
further understand the relationship between Shh and Hox genes,
we generated and analyzed a series of HoxA/HoxD double
mutant mice. The results obtained provide novel insights on the
role of Hox genes in limb morphogenesis.
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Symmetry breakage in vertebrates remains controversial:
while a cilia-driven leftward flow is required in fish and mam-
mals at gastrula/neurula, amphibian embryos show functionally
relevant asymmetries at cleavage. The ion flux model in frog
postulates asymmetric segregation of low-molecular weight
determinant(s) such as serotonin via an ion pump driven
electophoresis-like process through gap junctions. In the flow
model symmetry breaks by leftward flow of extracellular fluid.
We recently showed that flow is conserved in frog, and that
inhibition of flow caused left–right (LR) defects. Analysis of
early asymmetric determinants revealed that H+-K+-ATPase, V-
ATPase and serotonin localized to cilia. Manipulation of
serotonin in gain- and loss-of-function experiments affected
flow and laterality. Experiments in rabbit embryos demonstrated
that before flow the left and right side were equally competent,
but prevented from induction of the Nodal cascade by an FGF8/
GJ-dependent mechanism. Specifically, FGF8-mediated repres-
sion depended on open GJs, while induction of Nodal required
attenuation of GJs. We propose that flow alters balanced
induction-repression by attenuating gap junctional communica-
tion on the left side through Polycystin-2 dependent calcium
and retinoic acid released from vesicles. As vesicle release
requires FGF signaling, FGF8 plays a dual role as repressor and
inducer of Nodal. Our release-of-repression model integrates
ion pumps, serotonin, GJC and FGF8 into a single flow-based
mechanism of symmetry breakage and reconciles controversial
issues in the LR field.
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In developing vertebrates and their sister group, the cephalo-
chordates (amphioxus), the vitamin-A derivative retinoic acid
(RA) specifies regional identities along the anterior/posterior
axis. In amphioxus RA signalling is involved in the specifica-
tion of pharyngeal structures, with excess RA resulting in the
loss of the pharynx, the mouth and gill slits. Similarly the CNS,
which has a midbrain, hindbrain, and spinal cord, is
regionalized by RA signalling. Recently we showed that
Hox1 is involved in mediating the role of RA signalling in
both establishing the posterior limit of the pharynx, by
promoting posterior foregut/midgut formation, and in regiona-
lization of the hindbrain and specification of hindbrain motor
neurons. In addition, RA levels affect the anteroposterior extent
of Hox expression domains, suggesting that RA signalling
controls a collinear Hox code for anterior/posterior patterning of
the amphioxus CNS and epidermis. In this study we examine
the mechanism by which RA confers regional identity in the
developing pharynx and CNS of amphioxus. In particular we
have investigated the role that a RA-Hox gene hierarchy plays in
mediating RA specification of anterior/posterior identity. We
found that RA is involved in the regulation of a number of genes
that are first expressed in the gastrula, including Hox genes, of
which at least some appear to be directly regulated. To address
the extent to which Hox1 mediates RA signalling, we examined
the effect that knocking down Hox1, using a morpholino-
oligonucleotide, has on the expression of genes involved in
patterning the pharynx and CNS.
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